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INK REFILLING METHOD AND
APPARATUS FOR INK CARTRIDGE

This application 1s a continuation of application Ser. No.
08/350,104 filed Nov. 29, 1994, now abandoned.

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to an ink refilling method
and an 1nk refilling apparatus, 1n particular, an ink refilling
method for refilling the ink 1nto the ink storing portion of an
exchangeable 1nk cartridge that 1s integrally connected to a
recording head when 1n use, and an ink refilling apparatus
that 1s used 1n such a method.

As for a recording system employed 1n a recording
apparatus that uses a recording head to record 1mages on
recording medium (hereinafter, simply recording paper or
paper) such as a sheet of ordinary paper of OHP, there are
the wire dot system, thermal system, thermal transfer
system, or 1k jet system. In the case of the mk jet system,
the recording medium and recording head do not make
contact during a printing operation, offering such advantages
as high speed and low noise; therefore, 1t 1s one of the
systems that has recently been attracting the most attention.

As for the type of the ink jet type apparatus, there are the
thermal energy type that uses the film boiling phenomenon,
the type that employs a piezoelectric element, the type that
employs optical energy, and so on. In any case, they all form
images by ejecting 1k droplets onto the recording medium.

The mk jet recording apparatus comprises a recording
head for ejecting the ink and an 1nk container for storing the
ink, and has so many different system configurations.

In one of such system configurations, the recording head
and 1nk container are connected to each other with the use
of a connecting member such as a piece of tube, and only the
ink container 1s exchanged, allowing the recording head to
be semi-permanently used.

As for other system configurations, there are: those in
which the recording head and 1nk container are integrally
formed, and when the ink within the ink contamer 1s
depleted, the ink container and recording head are both
disposed; and those 1n which the recording head and ink
container are independent from each other and separably
connected to form a head unit, and when the ink within the
ink container 1s depleted, the 1nk container 1s separated from
the head and exchanged with a fresh one.

In any case, the ink container must be exchanged with a
fresh one when the stored ink 1s depleted. In particular, in the
case of the system employing the integral structure, even the
recording head must be disposed of together with the ink
container, which makes the system extremely uneconomical.

There are also other problems. For example, when an 1nk
refilling apparatus 1s disposed of, 1t must be grouped accord-
ing to 1ts raw material.

On the other hand, 1n recent years, there have been a few
proposals 1n which the problem of being forced to dispose of
the recording head that 1s still usable when the ink within the
ink jet unit 1s depleted 1s solved by providing a structure in
which the recording head and ink container are easily
connected or disconnected.

It 1s conceivable to redill the ik 1nto the exchangeable 1ink
container of such an ink jet unit, through 1ts opening to
which the recording head 1s connected. However, even when
the aforementioned ink refilling apparatus of the bellows
type or the like 1s employed, the problems described previ-
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ously remain the same. In particular, the problem of the ink
leak has been more closely looked at, since the opening of
the ink container, at which the ink container 1s connected to
the recording head, 1s extremely large relative to the needle
of a conventional 1nk refilling apparatus.

SUMMARY OF THE INVENTION

The primary object of the present invention 1s to provide
a combination of an ink refilling apparatus and an ink
refilling method, with which ik can be preferably refilled
into an exchangeable 1nk cartridge for an ink jet unit.

After studying carefully the above object, the inventors of
the present mnvention acquired the knowledge that the ink
can be preferably refilled by inserting the ink 1njecting
portion of the 1nk refilling apparatus into an 1k delivery port
of the mk cartridge, and then, letting the i1nk descend
naturally.

The present invention was made based on the above
knowledge, and proposes:

an 1k refilling method as a method for refilling the 1nk
into the ik cartridge, comprising the following steps of:
preparing an ink refilling apparatus for filling the ink 1nto the
ink absorbing member disposed within the ink storing
portion of said ink cartridge, through an ik guiding
member, wherein an ink refilling apparatus comprises: a
refill ink storing portion for storing the refill ink; an air
ventilating portion for allowing the communication between
the refill ink storing portion and the atmospheric air; a
scaling member for sealing the-air ventilating portion; an ink
injecting portion to be 1nserted mto the ik delivery port
portion of the 1nk cartridge; an opening portion for guiding
the 1k out of the refill ink storing portion, being provided
on the 1nk 1mjecting portion; and pressure generating means
for increasing the internal pressure of the refill ink storing
portion; inserting the ink 1njecting portion of the ink refilling
apparatus into the ink delivery port portion of the ink
cartridge; breaking the meniscus formed at the opening
portion of the ink refilling apparatus with the use of the
pressure generating means, so that the ik within the refill
ink storing portion of the ink refilling apparatus 1s guided
toward the mmk guiding material of the ink cartridge; and
removing the sealing member covering the air ventilation
portion, so that the ink can naturally descend into the ink
storing portion of the ink cartridge.

Another object of the present invention 1s to provide an
ink refilling method comprising the above steps and another
step 1n which the opening portion of the ink refilling
apparatus 1s pressed upon the ink guiding material of the ink
cartridge so that the ik guiding material 1s shifted.

Another object of the present invention 1s to provide an
ink filling apparatus as the ink filling apparatus for filling the
ink 1nto the 1nk cartridge comprising the ink storing portion,
comprising: a refill ik storing portion for storing refill ink;
an air ventilating portion for allowing the communication
between the refill ink storing portion and the atmospheric
air; a scaling member for sealing the air ventilating portion;
an 1nk 1njecting portion to be mserted into the ink delivery
port portion of the ik cartridge; an opening for guiding the
ink out of the refill ink storing portion, being provided on the
ink 1njecting portion; and pressure generating means for
increasing the internal pressure of the refill ink storing
portion so that the ink meniscus formed at the opening
portion 1s destroyed.

Another object of the present invention 1s to provide a
structure 1n which the ink imjection portion of the ink
refilling apparatus 1s given such a length that when the 1nk
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injecting portion of the ink refilling apparatus 1s inserted nto
the 1nk cartridge, the opening portion of the ik refilling
apparatus 1s pressed upon the ink guiding member of the ink
cartridge and shifts it.

According to the present invention, when the 1nk 1s
refilled with the use of the combination of the above ink
refilling method and ink refilling apparatus, the nk 1is
allowed to descend and disperse naturally; therefore, the
refilling speed 1s dependent on the 1nk absorbing speed of the
absorbent material within the ink cartridge. As a result, the
ink can be uniformly {filled, and also, the ink does not leak
out of the joint portion at which the 1ink delivery port and 1nk
injecting portion of the ik refilling apparatus are connected.

These and other objects, features and advantages of the
present invention will become more apparent upon a con-
sideration of the following description of the preferred
embodiments of the present invention taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of an ik refilling apparatus in
accordance with the present invention.

FIG. 2 1s a sectional view of a typical ink container to be
refilled with the use of the ink refilling apparatus 1n accor-
dance with the present invention.

FIG. 3 1s a sectional view, depicting a typical manner in
which the ink refilling apparatus 1n accordance with the
present ivention 1s connected to the 1nk container.

FIGS. 4 a, b, ¢ and d are schematic views for describing
the steps through which the ink 1s refilled using the ink
refilling apparatus 1n accordance with the present invention.

FIG. § 1s a sectional view, depicting a typical manner in
which the 1nk refilling apparatus in accordance with present
invention 1s connected to the 1nk container.

FIG. 6 1s an enlarged sectional view of a joint portion

between the 1nk refilling apparatus and 1nk container illus-
trated in FIG. 5.

FIG. 7 1s a sectional view of a typical ink distribution
within the ink container when the 1nk 1s refilled using the ink
refilling apparatus 1n accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, the embodiment of the present invention will
be described 1n detail with reference to the drawings.

FIG. 1 shows an ink refilling apparatus R1 in accordance
with the present invention. In the drawing, a reference
numeral 1 designates an ink storing portion, and 2 designates
a cover for covering the ink storing portion 1. This cover 2
1s provided with an air ventilating port 4 for introducing the
atmospheric air 1into the ink storing portion, and a sealing
member 5 that seals the air ventilating port 4 when the 1nk
container 1s not 1 use such as when the 1nk cartridge is
distributed, and opens i1t during an ink refilling operation.
The cover 2 1s melt-welded to the 1nk storing portion 1 using
ultrasonic waves.

The ink storing portion 1 constituting a part of the ink
refilling apparatus R1 1s made of rigid material, and hardly
deforms under an external force. On the contrary, the cover
2 can be flexed by applying an external force so that the
internal pressure of the ink storing portion 1 can be
increased.

Areference numeral 7 designates an ink injecting tube for
injecting the ink 3 within the ink storing portion 1 into an ink
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cartridge (ink container), which will be described later. The
ink 1njecting tube 7 has a shape like a frustum of a cone, and
1s provided with a port 7a, and an i1nk passage 7b which
oguides the ink from the ink storing portion to the port 7a.
The port 7a 1s located on the contact surface located at the
tip of the ink injecting tube 7, and ink passage 7b runs
through the 1k 1njecting tube 7.

A reference numeral 21 designates a cap which seals the
port 7a to prevent the evaporation of the ink solvent while
the cartridge 1s 1n storage, and also prevents contamination
of the adjacencies of the ink cartridge during distribution;
and 6 designates a latching claw which functions to seal the
ink 1njecting tube 7 of the ink refilling apparatus R1 with the
cap 21 during the distribution,and latches onto the ink
container during the ink refilling operation.

The port 7a can properly maintain the 1nk delivery
conditions under which the ink 1s refilled into the ink
container 14, and 1ts diameter 1s such that when the cap 21
1s off but the air ventilating port 4 1s still sealed with the
scaling member §, the ink meniscus formed at the opening
portion of the i1nk injecting tube 7 cannot be simply
destroyed due to external factors, such as vibration.

With the provision of the above structure, the 1nk does not
casily leak out of the port 7a even if the ink refilling
apparatus 1s affected by external factors while 1t 1s not 1n
connection with the ink container.

Further, 1t 1s preferable that the diameter of the ink
passage 7b 1s regulated to allow the formation of the ink
meniscus. With the implementation of this regulation, a
meniscus 3M forms as shown in FIG. 1 during distribution.
In other words, with the presence of air in a region of the 1nk
passage 7b adjacent to the port 7a, the mk leak can be
prevented even when the cap 21 1s simply pressed on
without being melt-welded or glued to the ink refilling
apparatus. Further, even when the internal pressure of the
ink refilling apparatus changes after the cap i1s removed to
refill the 1nk, 1t 1s adjusted as the meniscus 3M shifts, which
makes 1t less likely for the ink to leak out of the port 7a and
contaminate the adjacencies.

Next, FIG. 2 shows an 1nk container 14 in the most
preferable form of a cartridge type ink storing portion
(so-called ink cartridge) 14, with which the ink refilling
apparatus 1n accordance with the present invention is usable.
In FIG. 2, the mnk container 14 contains an ink absorbing
member 19 that 1s a porous member for storing the ink, and
an 1nk guiding member 17 for delivering the ink from the ink
absorbing member 19 to an 1k supply tube of the recording
head. The 1ink guiding member 17 1s disposed so as to face
directly an ink delivery port 18. Further, a connecting
mechanism 16, which engages with the aforementioned
latching claw 6 or an engaging portion provided on the
recording head side (unillustrated), is on the external wall of
the 1k container, that 1s, the wall where the 1nk delivery port
18 1s located.

The 1nk delivery port 18 1s a portion where the ink
delivery tube provided on the recording head 1s connected
when the 1k container 14 is connected to the recording head
(unillustrated), and the ink guiding member 17 is constituted
of a fiber bundle 1n which fiber 1s aligned in the direction
parallel to the 1nk flow so that the 1ink flow 1s induced so as
to flow the ink from the ink absorbing member 19 toward the
ink delivery port 18. This mnk guiding member 17 1s sup-
ported by the guide 11, bemng pressured toward the ink
delivery port 18 by the ink absorbing member 19, and its
sliding movement 1s regulated by a rib 20. A reference
numeral 15 designates an air ventilating portion that has an
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air ventilating port for introducing the atmospheric air 1nto
the ink container. In this embodiment, the wall portion
where the 1nk delivery port 18 1s located and the wall portion
where the air ventilating portion 1s located are on the

opposite sides of the ink container.

Hereinafter, a state in which the aforementioned ink
refilling apparatus R1 and ink container 14 are 1n connection
with each other will be described, with reference to the
drawings.

Embodiment 1

FIG. 3 1s a schematic sectional view of a first embodiment
of the present invention, illustrating the state of connection
between the 1nk refilling apparatus and ink container. As
shown 1 FIG. 3, the ink refilling apparatus R1 and ink
container 14 are connected 1n such a manner that the ink
refilling apparatus R1 1s placed above and the ink container
14 1s placed below, relative to the gravity direction, and the
ink 1njecting tube 7 of the ink refilling apparatus R1 1s in the
ink delivery port 18 of the ink container 14.

In this embodiment, the inclination and height of the 1nk
injecting tube 7 shaped like a frustum of a cone 1s precisely
determined so that just when the 1k injecting rube 7 comes
in contact with the 1ink guiding member 17, no part of the
conic surface of the 1k mjecting tube 7 contacts the periph-
eral surface of the ink delivery port 18, but after the tip
portion of the ink injecting tube 1s pressed into the ink
cuiding member by a predetermined distance, the external
diameter of the ik injecting tube 7 near the port 7a comes
to match substantially the internal diameter of the ink
delivery port 18.

In other words, the ink 1njecting tube 7 1s given such a
length that not only can it reach in from the outward side
periphery of the mk delivery port 18 and touch the outward
facing contact surface of the ink guiding member 17, but 1t
also can compress the ink guiding member 17 toward the ink
absorbing member 19 by a predetermined margin 9. When
the 1nk 1s filled using the ink refilling apparatus R1, the ink
ouiding member 17 1s shifted toward the ink absorbing
member 19 by the inserted ink 1injecting tube 7, and 1s placed
in contact with both the i1nk imjecting tube 7 and ink
absorbing member 19.

With the employment of the above structure, the ink
inflow passage for refilling the 1nk can be reliably formed
even when the 1nk refilling apparatus and 1nk container are
not airtightly connected during the ink refilling operation;
therefore, the manufacturing related restrictions imposed on
the ink refilling apparatus can be eased, which 1n turn makes
the production easier.

The relation between the dimensions of the 1k injecting,
tube 7 and ink delivery port 18, and also, the relation
between the lengths of the connecting mechanism 16 and
latching claw 6 are essential to secure a proper amount of the
pressing margin 9, and their dimensions are regulated so as
to secure the proper amount of the pressing margin 9.

It 1s preferable that the measurement of this pressing
margin 9 1s no more than the amount of distance by which
the 1nk guiding member 17 1s shifted as the ink 1injecting tube
1s pressed thereon, but 1s long enough to allow the 1ink inflow
passage to be easily formed without carrying out a large
scale recovery by-sucking operation or the like when the

led after the ink 1s refilled.

recording head 1s install
With the employment of the above structure, during the

ink refilling operation, the connecting mechanism 16 of the
ink container 14 engages with the latching claw 6 of the 1nk
refilling apparatus R1, whereby not only the ink refilling
apparatus R1 1s fixed to the ink container 14, but also, the ink
refilling apparatus, ink guiding member, and 1k absorbing
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member are pressed together substantially in the same
manner as when the ik container 14 1s connected to the
recording head. Therefore, when the ink container 14 1is
connected to the recording head after the 1nk 1s refilled, the
ink does not leak out of the ink delivery port portion 18.

Next, the ink refilling steps will be described with refer-
ence to FIG. 4.

First, the cap 21 of the ik refilling apparatus R1 1s
removed. Then, the 1k injecting tube 7 1s 1nserted into the
ink delivery port 18 of the ink depleted ink container 14 as
far as the connecting mechanism 16 of the ink container 14
engages with the latching claw 6 of the ink refilling appa-
ratus R1, as shown in FIG. 4(a). In this state, the tip of the
ink 1njecting tube 7 1s 1n contact with the outward facing
surface (contact portion 8) of the ink guiding member 17 of
the mk contammer 14, with the pressure generated by the
predetermined pressing margin 9, and the ink has not begun
to be refilled.

Also, at this time the 1nk container 14 does not have a
capacity to deliver the ik to the recording head. This is
because 1t 1s no longer possible for the ink passage leading
to the recording head side to be formed. Even in this case,
a certain amount 1nk frequently remains in a region of the
ink absorbing member, which 1s the region near the ink
delivery port and 1s designated with a referential character A.

Next, a pressure 1s applied onto the cover 2 of the ink
refilling apparatus R1 to flex 1t as shown by an arrow mark
F in FIG. 4(a), so that the internal pressure of the ink storing
portion 1 1s increased. This action causes the ink meniscus
having been formed at the tip portion of the ink i1njecting
tube 7 to advance. As the ink reaches the 1nk delivery port
side surface of the ik guiding member 17, the meniscus
having been formed 1n the 1nk passage 1s destroyed, whereby
the 1nk connection 1s established between the ink guiding
member 17 and 1nk refilling apparatus R1 through the 1nk
passage 7b.

At this time, the connection between the 1nk container 14
and 1k refilling apparatus R1 1s such that the ink container
14 1s vertically oriented with the ink delivery port facing
upward, and the mk refilling apparatus 1s placed on top of the
ink container 14 with the port 7a of the ik 1njecting tube 7
facing downward.

In this embodiment, the 1nk meniscus 3M within the 1nk
passage 7b of the 1nk injecting tube 7 1s advanced by
pressing the cover 2,and 1s destroyed as 1t makes contact
with the ink guiding member 17, so that the ink can be
refilled. In case the 1ink guiding member 17 1s constituted of
a fiber bundle as 1t 1s in this embodiment, it may be so
structured that, during the operation to connect the ink
refilling apparatus to the ink container, the cover 2 1s pressed
down so that the meniscus 3M 1s positioned at the port 7a,
where 1t makes contact with the fiber, being thereby
destroyed, as the ink injecting tube 7 1s inserted.

Further, when it 1s arranged so that the ink head 1s
positioned right next to the port portion of the ik 1njecting
tube 7, the meniscus can be easily destroyed just by pressing
the 1nk 1njecting tube 7 onto the ink guiding member 17,
without applying any other external force, even if the ink
cuiding member 17 1s not constituted of the fiber bundle.

Next, the sealing member 5§ sealing the air ventilating port
4 of the cover 2 1s removed to relieve the internal space of
the 1nk storing portion 1 to the atmosphere, as shown 1n FIG.
4(b).

This action allows the external air to be introduced into
the 1nk storing portion through the air ventilating port 4,
enabling the ink within the ink refilling apparatus R1 to
descent naturally due to the gravity, and thus, mnitiating the
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ink refilling. Then, the 1nk 1s drawn 1nto the 1nk absorbing
member 19 as 1t naturally falls due to the gravity, and makes
connection to the ink having remained 1n the ink absorbing
member.

When, at this time, the strength of the ik meniscus
formed within the ink injecting tube 7 cancels the atmo-
spheric pressure and prevents the ik from flowing down,
the 1k refilling may be 1nitiated by pressing the cover 2 with
a finger or the like 1n a manner to seal the air ventilating port
4, without resealing the air ventilating port 4 with the sealing
member.

Then, the ink permeates downward, that 1s, 1n the gravity
direction, through the 1k absorbing member 19, as will as
sideways, as shown in FIG. 4(c). At this stage, the interior
of the 1nk guiding member 17 serves just as the ink flow
passage, allowing the ink to be filled by the ink retaining
capability of the ink absorbing member and the gravity.

Lastly, referrmg to FIG. 4(d), as the ink sufficiently
permeates 1n the region of the 1k absorbing member below
the 1nk guiding member, 1t 1s filled 1nto the region above the
ink guiding member by the capillary force of the ink
absorbing member, completing the last of the ink refilling
steps.

Embodiment 2

FIG. 5 1s a sectional view of the second embodiment of
the present mnvention. In FIG. 5, the 1ink injecting tube 7 of
this embodiment 1s provided with an O- rmg This embodi-
ment 1S different from the preceding one in that the ]omt
between the mk injecting tube 7 and ik delivery port 1s
airtightly sealed with this O-ring 10. The employment of this
structure makes 1t possible to seal more reliably the joint
between the ik inmjecting tube 7 and ink delivery port,
preventing thereby more reliably the 1ink from leaking out of
the joint portion during the 1nk refilling operation.

Needless to say, the joint may be sealed to the same
degree of airtightness with the modification, that 1s, without
increase 1n the component counts, of the external surface
configuration of the 1nk injecting tube such that it conforms
to the internal surface configuration of the ink delivery port
and creates a state of line contact between the ink delivery
port and 1nk injecting tube, mstead of the provision of the
O-ring. In such a case, it 1s preferable that a relatively soft
and elastic material 1s chosen as the material for the ink
refilling apparatus.

FIG. 6 1s an enlarged schematic view of the ink delivery
port and its adjacencies during the ink refilling operation
carried out according to the preceding embodiment. In FIG.
6, a space designated by a reference numeral 22 1s formed
by the ink delivery port 18 side facing surface of the ink
cuiding member 17, port 7a-equipped surface of the ink
injecting tube, guide portion 11, and O-ring, and this space
22 1s filed with the ink during the ink refilling operation.
With this arrangement, 1n contrast to the preceding embodi-
ment 1n which the 1nk 1s filled with the port 7a being 1n
contact with the 1nk guiding member 17, the ink flow
passage 1s evenly formed substantially throughout the ink
cuiding member, increasing the effective cross-sectional
arca of the 1nk flow passage; therefore, the ink refilling speed
INCTeases.

It should be noted here that the ink refilling method in
accordance with the present invention, which 1s dependent
on the natural descent of the ink, fills the ink at a speed
equivalent to the ink absorbing speed of the ink absorbing
member 19 or mk guiding member 17.

Since the speed at which the ink naturally descends 1s
caused to conform to the speed at which the ink 1s absorbed,
by pressing the 1k injecting tube and ink delivery port, by
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3

pressing the 1k 1njecting tube onto the ink guiding member,
or by combining the preceding two methods, the ik 1s not
filled faster than it 1s absorbed; therefore, the liability of 1nk
leak 1s effectively eliminated.

Further, the system according to the present invention 1s
not of a type mm which the lead 1s forcefully applied;
therefore, the 1nk can be substantially uniformly distributed
throughout the ink absorbing member 19. Also, 1t does not
require a user to carry out a complicated ink refilling steps;
therefore, the inconvenience taxed on the user 1s reduced.

The 1nk absorbing speed of the ink absorbing member 19
or mnk guiding member 17 1s generally no more than 0.025
cc/sec, though 1t 1s dependent on how dry these components
are. Therefore, the 1nternal surface configuration of the ink
injecting tube may be modified, and/or its internal surface
may be treated, so that the ink flow speed 1n the 1nk 1njecting
tube 1s regulated to 0.025 cc/sec or less.

The 1nk refilling method in accordance with the present
invention 1s a method in which the ik 1s injected by
allowing the ink to descend naturally. The principle thereof
will be described below.

Firstly, polyether-urethane foam or the like 1s employed as
the material for the ink absorbing member 19 placed 1n the
ink container 14, and when the 1nk 1s 1njected into this type
of material for the first time, 1t must be forcefully wetted
with the 1nk by reducing the pressure, squeezing 1t in the 1nk,
or the like method. However, when the 1nk 1s refilled, 1t has
been wetted once with the ik, with the 1nk dye adhering to
the foam surface. Since the dye used 1n the mk 1s of a type
that 1s easily soluble 1n the ink solvent, the dye adhering to
the foam surface 1s naturally agreeable with the new ink;
therefore, the ink can naturally descend as described above.

On the other hand, when the old ink adhering to the 1nk
absorbing member 19 had dried up and impedes the 1k from
descending naturally to be refilled, the cover 2 of the ink
refilling apparatus R1 may be pressed as described previ-
ously so that the internal air pressure of a pressure gener-
ating chamber 2a 1s increased to initiate the ik 1njection.

Further, 1t 1s preferred that the ink absorbing member 19
1s compressed 1nto the 1k container 14. This 1s to be done
to use the negative pressure, which increases as the ink
consumption continues, for dispersing the ink in the ink
absorbing member during the 1nk refilling operation, so that
the time 1t takes to refill the ink can be shortened.

In all of the preceding embodiments, the ink 1s refilled
into the 1nk container after 1t becomes impossible for the 1nk
container to deliver the ik to the recording head. However,
the 1nk can be refilled even when the ink remains in the
region of the ink absorbing member near the mmk guiding
member 17 and 1n the ink guiding member 17 itself, and
forms the meniscus at the ik delivery port side surface of
the 1nk guiding member.

In this case, since the 1nk 1s present at the end surface of
the mk guiding member, the mnk from the ink refilling
apparatus and the ink within the ink guiding member easily
connected to each other. Further, since the ik 1s not force-
fully 1njected, but 1s allowed to descent naturally in com-
pliance with the ink retaining capability of the 1ink absorbing
member, the meniscus 1s formed within the porous material
and prevents the ink overfill; therefore, the ink leak or the
like problem does not occur when the ink refilling apparatus
1s removed from the ink container after a predetermined
length of time, as long as the air ventilating port 4 1s sealed
before the removal.

FIG. 7 illustrates a case 1n which the ik filling method
according to the first embodiment 1s adopted, but the ink
filling method according to the second embodiment may be
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employed. However, when the 1nk meniscus 1s formed at the
ink delivery port side surface of the ink guiding member, the
employment of such a structure as illustrated 1n FIG. 6, in
which the space 22 1s present, causes the air within the space
22 to enter the 1nk guiding member when the ink refilling,
apparatus 1s attached, and as a result, there 1s a chance that
applying the pressure once to the ink refilling apparatus may
not be enough to establish the ink connection between the
ink refilling apparatus and ink guiding member. In such a
case the structure 1n accordance with the first embodiment 1s
more preferable.

As 1s evident from the above description, the application
of the present invention airtightly connects the ink delivery
port of the ink container and the ink 1njecting portion of the
ink refilling apparatus, preventing thereby the ink from
leaking out of the joint portion.

Further, the 1ink 1njection portion 1s pressed upon the ink
absorbing member of the 1nk container so that the refilling
speed 1s rendered dependent on the 1nk absorbing speed of
the absorbent material placed within the ink container,
therefore, the 1nk leak 1s prevented.

Further, the diameter of the ink injecting portion of the ink
refilling apparatus 1s approximately the same as that of the
ink delivery port of the ink container; therefore, there 1s little
liability of hurting the human body.

Further, when the 1nk 1s refilled, the ink 1s allowed to
descend naturally after the ink delivery port of the ink
container and the ink injecting portion of the ink refilling
apparatus are airtightly connected, and then, the air venti-
lating port of the ink storing portion of the ink refilling
apparatus 1s opened; therefore, the ink refilling speed
becomes dependent on the 1nk absorbing speed of the
absorbent material within the ink container, being thereby
regulated, which not only eliminates the need for a dedicated
structure for controlling the ink overflow and ink refilling
speed, but also reduces the time the user 1s bound by the 1nk

refilling operation.
While the invention has been described with reference to

the structures disclosed herein, 1t 1s not confined to the
details set forth and this application 1s intended to cover such
modifications or changes as may come within the purposes
of the improvements or the scope of the following claims.

What 1s claimed 1s:

1. An mk refilling method for refilling ink into an ink
cartridge having an ink absorbing member capable of pro-
viding capillary force, wherein at least a part of 1nk retained
by the 1nk absorbing member has been consumed, the ink
cartridge further having an ink supply outlet portion for
supplying ink to a recording head detachably mountable to
the 1nk cartridge, and an air vent portion at a position away
from said 1nk supply outlet portion, the method comprising
the steps of:

preparing an 1nk refilling apparatus having an ink injec-

tion portion for refilling the ik by natural descent into
the 1nk absorbing member of said 1nk cartridge, said ink
injection portion including an opening;

connecting said ik injecting portion of said ink refilling

apparatus with the 1k supply outlet portion of the ink
cartridge, wherein the 1nk supply outlet portion 1s at an
clevation higher than the ink absorbing member;

breaking a meniscus formed at said opening of said ink
injection portion; and

refilling 1nk from said refilling apparatus to the ink
cartridge by natural descent into the i1nk absorbing
member of the ink cartridge through the ink supply
outlet portion, while said air vent portion 1s kept open
to atmospheric air, and while said ink 1njection portion
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of said ink refilling apparatus 1s press-contacted to the
ink absorbing member of said ink cartridge.

2. An 1k refilling method according to claim 1, wherein
said 1nk 1njecting portion has an external surface configu-
ration and said ink supply outlet portion has an internal
surface configuration matching the external surface configu-
ration of said ink injecting portion, so that said ink 1njecting
portion airtightly contacts said ink supply outlet portion as
said 1nk 1njecting portion 1s connected with said 1nk supply
outlet portion.

3. An 1k refilling method according to claim 1, wherein
the ink injecting portion of said ink refilling apparatus
comprises a sealing member for sealing the 1nk supply outlet
portion when said 1nk mjecting portion 1s connected with the
ink supply outlet portion of said ik cartridge.

4. An 1nk refilling method according to claam 1, wherein
an 1nk refilling speed during refilling 1s no more than 0.025
cc/sec.

5. An 1ok refilling method according to claam 1, wherein
said refilling apparatus includes an air venftilating port,
different from said ink injection portion, for permitting
refllling of the ink by natural descent, and said refilling step
comprises secaling said air ventilating port of said refilling
apparatus after a predetermined time elapses, and removing,
said apparatus from said ink cartridge.

6. A method according to claim 1, wherein said breaking
step 1s effected by temporarily pressing a part of an ink
storing portion of said ink refilling apparatus for storing the
ink for refilling.

7. Amethod according to claim 6, wherein said ink storing,
portion 1s provided with an air vent portion which 1s sealed
before use thereof, and upon refilling, the air vent portion of
the 1nk storing portion 1s unsealed while said ik storing
portion 1s 1n a pressed state.

8. An 1nk refilling method for refilling ink into an ink
cartridge having an 1nk absorbing member capable of pro-
viding capillary force, wherein at least a part of ink regained
by the ink absorbing member has been consumed, the 1nk
cartridge further having an ink supply outlet portion for
supplying ink to a recording head detachably mountable to
the 1nk cartridge and an ink guiding material adjacent said
ink absorbing member and said ink supply outlet portion,
and an air vent portion at a position away from said ink
supply outlet portion, the method comprising the steps of:

preparing an 1nk refilling apparatus having an 1nk injec-

tion portion for refilling the nk by natural descent into
the 1nk absorbing member of said 1k cartridge, said 1nk
injection portion including an opening;

connecting said ik 1njection portion of said ink refilling

apparatus with the 1ink supply outlet portion of the 1nk
cartridge and pressing said opening of said ink 1njection
portion onto said 1nk guiding material of said ink
cartridge and shifting said ink guiding material into
said ink absorbing member, wherein the ik supply
outlet portion 1s at an elevation higher than the ink
absorbing member;

breaking a meniscus formed at said opening of said ink
injection portion; and
refilling ink from said refilling apparatus by natural
descent 1nto the ink absorbing member of the ink
cartridge through the ink supply outlet portion, while
said air vent portion 1s kept open to atmospheric air, and
said 1ink 1njection portion of said ink refilling apparatus
1s press-contacted to the 1k absorbing member of said
ink cartridge.
9. An mk refilling method according to claim 8, wherein
the 1ink absorbing member 1s provided within an ink storing
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portion of said 1nk cartridge, and the ink guiding material 1s
pressed upon the 1ink absorbing member to change a com-
pression state of the ink absorbing member.

10. An 1k refilling apparatus for refilling ink into an ink
cartridge, the 1nk cartridge having an 1nk storing portion
accommodating an 1nk absorbing member capable of pro-
viding capillary force, wherein at least a part of ink retained
by the ink absorbing member has been consumed, the 1nk
cartridge further having an ink supply outlet portion for
supplying ink to an ik jet head detachably mountable to the
ink cartridge, and a cartridge air vent portion at a position
away from the ink supply outlet portion, the apparatus
comprising;:

a refill ik storing portion for storing refill ink;

a refill air vent portion for allowing communication
between said refill ink storing portion and atmospheric
alr;

an 1nk 1njecting portion which connects with said ink
supply portion of the ink cartridge; and

an opening portion for guiding the 1k out of the refill ink
storing portion, said opening portion being provided on
said 1nk 1njecting portion;

wherein said 1nk refilling apparatus refills ink 1nto the ink

cartridge by natural descent while the cartridge air vent
portion 1s kept open to atmospheric air, while the 1nk
supply outlet portion 1s at an elevation higher than the
ink absorbing member and while said ink injecting
portion 1s press-contacted to the ink absorbing member
of the ik cartridge.

11. An 1nk refilling apparatus according to claim 10
further comprising pressing means for temporarily applying
pressure to the ik 1n said refill ink storing portion, wherein
said pressing means 1s constituted of an elastic member that
constitutes a part of said ink storing portion and 1s deform-
able by an external force.

12. An 1nk refilling apparatus according to claim 10,
wherein said mk 1njecting portion has an external surface
configuration and said ink supply portion has an internal
surface configuration matching the external surface configu-
ration of said 1nk 1njecting portion, so that said ink 1njecting
portion airtightly contacts said ink supply portion as said ink
injecting portion is connected with said ink supply portion.

13. An 1nk refilling apparatus according to claim 10,
further comprising an 1ink guiding material of fibrous mate-
rial at the ink supply portion of said ink cartridge, for
promoting 1nk discharge from said ink container, and
wherein said ink injecting portion has a length long enough
to press the ink supply portion of said ik refilling apparatus
upon the ink guiding material of said ink cartridge, so that
the 1nk guiding material 1s shifted.

14. An 1nk refilling apparatus according to claim 10,
wherein said 1nk refilling apparatus further comprises engag-
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Ing means for engaging with an engaging portion provided
on said ik cartridge for engaging with the recording head.

15. An 1nk refilling apparatus according to claim 10,
wherein the 1nk injection portion of said ink refilling appa-
ratus has an external surface configuration substantially as a
frustum of a cone, and the opening portion 1s located on a top
surface thereof, the top surface having a smaller surface arca
than an area of the 1nk supply portion of said ink cartridge.

16. An 1nk refilling apparatus according to claim 10,
wherein the 1nk 1njecting portion of said ink refilling appa-
ratus comprises a sealing member for sealing the ink supply
portion when said ink imjecting portion 1s 1nserted into the
ink supply portion of said ink cartridge.

17. An apparatus according to claim 10, wherein said 1ink
injecting portion has an elasticity.

18. An apparatus according to claim 10, wherein said air
vent portion 1s provided with a valve which 1s closed when
said apparatus 1s not used and 1s opened upon refilling.

19. An ink refilling apparatus according to claim 10,
wherein the 1k injecting portion 1s provided with a passage
through which ink flows at an 1k injecting speed, and said
passage has an internal diameter that regulates the ink
injecting speed to 0.025 cc/sec or less.

20. An 1k refilling method for refilling 1k into an ink
cartridge having an 1nk absorbing member capable of pro-
viding capillary force, wherein at least a part of 1nk retained
by the ink absorbing member has been consumed, said 1nk
cartridge further having an ink supply outlet portion for
supplying ink to a recording head detachably mountable to
the 1nk cartridge, and an air vent portion at a position away
from said ink supply outlet portion, the method comprising
the steps of:

preparing an 1nk refilling apparatus having an 1nk injec-

tion portion for refilling the nk by natural descent into

the absorbing member of said ik cartridge, said ink
injection portion including an opening;

connecting said 1nk 1njection portion of said ink refilling
apparatus with the ink supply outlet portion of the ink
cartridge, the ik supply outlet portion being at an
clevation higher than the ink absorbing member;

breaking a meniscus formed at said opening of said ink
injection portion; and

refilling ink from said refilling apparatus by capillary
force of the ink absorbing member into the 1nk absorb-
ing member of the ink cartridge through the ik supply
outlet portion, while said air vent portion 1s kept open
to atmospheric air, and while said ink 1njection portion
of said ink refilling apparatus 1s press-contacted to the
ink absorbing member of said ink cartridge.
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